Object. Patients requiring neurosurgical intervention are known to be at increased risk for deep vein thrombosis (DVT) and attendant morbidity and mortality. Pulmonary embolism (PE) is the most catastrophic sequela of DVT and is the direct cause of death in 16% of all in-hospital mortalities. Protocols for DVT screening and early detection, as well as treatment paradigms to prevent PE in the acute postoperative period, are needed in neurosurgery. The authors analyzed the effectiveness of weekly lower-extremity venous duplex ultrasonography (LEVDU) in patients requiring surgical intervention for cranial or spinal pathology for detection of DVT and prevention of PE.
D
eep vein thrombosis, a subset disease of venous thromboembolism, is a major cause of morbidity and mortality in all patients. Lower-extremity DVTs are believed to be the source of as many as 90% of pulmonary emboli, many with fatal outcomes. 7 Pulmonary embolism is the leading cause of preventable deaths in hospitalized patients, causing, if untreated, death in as many as 16% of hospitalized patients. 13 In regard to venous thromboembolism, patients undergoing neurological surgery are considered to be at moderate risk. 13 The rate of DVT formation associated with cranial and neurosurgical spinal procedures performed without prophylactic measures varies from 29% to 43%. 3, 9, 16 The re ported incidence of DVT in untreated neurosurgical pa tients varies between 18% and 50%. 1, 12, 17 While mechanical devices for DVT prophylaxis are considered to be a standard of care, 6, 14 chemical prophylaxis has had the greatest impact (45% relative risk reduction in venous thromboembolism based on one meta-analysis). 20, 29, 31 Nonetheless, incidence rates reflecting poor outcomes continue to stay fairly high. 17, 24 Various guidelines have been published to better screen and treat DVTs promptly and efficiently. However, there are no set universal protocols that have showed true significant success. 4, 5 This is especially true for practices involving routine screening ultrasonography. 2, 15, 23 While this modality is not as sensitive for diagnosing DVT as the gold standard of lower-extremity venography, 14 it has certainly helped in earlier and increased detection of DVTs. 8, 11, 19 What remains unclear is when and how often these ultrasound studies should be performed to maximize DVT screening and detection, as well as possibly improve In the present study, over a period of 1 year, we investigated, in an acute inpatient setting, the usefulness of routine screening ultrasonography in all neurosurgical patients and determined whether there are any differences between the various subsets of the population. To ascertain if there is an optimal time window for DVT screening, we also analyzed the frequency and duration of ultrasound surveillance.
Methods
After receiving approval for the study, including patient consent status, from our institutional research review board, we conducted an extensive literature search to determine the current guidelines for DVT screening and ultrasound findings. This was followed by a retrospective review of prospectively gathered data of all adult patients who were admitted to the acute inpatient center at the University of Maryland Medical Center for any neurosurgical procedure during a 1-year period (2010-2011). Patient demographic information, admission/discharge diagnosis, type of surgery, and duration of stay were recorded. Inclusion criteria included a screening ultrasound study on admission and weekly surveillance ultrasonography thereafter of the lower extremities for the duration of the patient's hospital stay, regardless of the patient's overall risk assessment for likelihood of developing DVT. Any patient in whom a negative initial ultrasound result was obtained and who then developed clinical symptoms or signs of DVT, such as calf swelling/tenderness, redness, warmth, acute edema, or weakness, underwent an immediate diagnostic study for possible DVT. These patients were not excluded from the study. The total number of ultrasound studies and the number of positive lowerextremity DVT studies were recorded and analyzed. Patients with preexisting acute DVT were excluded from the screening ultrasound, and also those with solely chronic DVT were excluded from the overall study analysis.
With regard to perioperative prophylaxis, all patients had pneumatic compression devices placed before, during, and after surgery. Patients who were in-house prior to surgery additionally received subcutaneous heparin; however, the midnight dose prior to the day of surgery was withheld. In all patients, weight-based subcutaneous heparin was initiated 24 hours postoperatively, unless a strong contraindication, such as active bleeding or heparin-induced thrombocytopenia, existed. All spine patients also underwent early postoperative mobilization with the aid of daily physical/occupational therapy.
There was also a specific protocol put forth for DVTs found on duplex screening in contrast to symptomatic thrombophlebitis or PE. For the treatment of DVT found on routine duplex screening, the interventional radiology team was consulted for placement of a percutaneous IVC filter. This was almost always done on the same day of detection. In comparison, patients with a positive duplex study in addition to symptomatic thrombophlebitis or PE immediately underwent anticoagulation in the form of a heparin drip. The heparin drip was monitored via routine blood withdrawals to determine prothrombin time, with an overall goal of 60-80 seconds. After this, the interventional radiology team placed an IVC filter.
Each case was counted only once for DVT occurrence during the entire study period. Cases involving concurrent acute and chronic DVT were also counted once.
An electronic database generated 1277 neurosurgical patients who had undergone screening ultrasonography over the course of the year. The database was then set up to highlight those patients in whom DVT was diagnosed during their hospital stay and in whom it was confirmed with ultrasound screening.
Statistical analyses of these data were performed using SPSS for Windows v15.0 (SPSS Inc.). The chi-square or Fisher exact test was used for categorical data depending on the number of patients in each group. The twosample unpooled t-test with unequal variance was used for analysis of the two means. All tests were two tailed. Multivariate analysis was performed using binomial logistic regression analysis. Differences were considered statistically significant for p < 0.05.
Results
A total of 1277 patients underwent lower-extremity ultrasound screening at our center over the course of 1 year. Patient demographics, sex, and age were reviewed and recorded. Of these patients, 40 (3.1%) were found to have proximal and/or distal DVT. The overall mean age in the 22 (55%) male and 18 female (45%) patients was 61.9 years (range 40-82 years). Diagnoses included 32 patients with acute DVT, 4 with chronic DVT, and 4 with both acute and chronic DVT. Based on the literature, a 1-month cutoff was used to distinguish acute from chronic DVT. To determine the most effective timing for DVT screening, patients with only chronic DVTs were not included in the overall data analysis. Twenty-seven patients underwent cranial procedures and 13 underwent spinal procedures (p > 0.05). Among the 686 cranial surgery patients, the incidence of DVT was 1.9% (p < 0.05). Among the 591 spine surgery patients, the incidence of DVT was 2.2% (p < 0.05). Based on multiple documented examinations, 15 of the 40 patients were densely paretic, 0 were plegic, and 25 had full-strength motor examination results (p > 0.05 for acute DVT vs p < 0.05 for all DVT diagnoses). We further evaluated the overall activity levels of these patients while at the hospital and found that 22 of the 40 patients had active orders for bed rest exceeding 48 hours related to their medical treatment, whereas 18 were cleared to be out-of-bed as tolerated (p > 0.05). With regard to chemical prophylaxis, 34 patients were receiving subcutaneous heparin (5000 U thrice daily) or prophylactic treatment with Lovenox (Table 1) . In all 40 patients, upon further review, the results of testing were negative for any blood clotting history or any hematological diagnosis that would predispose them to DVTs.
With regard to overall treatment and hospital course, 28 of the 40 patients received IVC filters after being di-agnosed with acute or chronic DVT. While there were not any specific inclusion or exclusion criteria pertaining to patients who also concomitantly had a pulmonary embolus, 7 of the 40 patients were found to have both entities. Of these 7, 3 were diagnosed with chronic PE. There was a 0% mortality rate for these patients.
In analyzing the timing of DVT diagnosis in relation to hospital stay, of the 36 acute cases, 31 (86%) were diagnosed with a DVT within the first 7 days of hospital stay, 1 (2.8%) was diagnosed between 7 and 14 days of hospital stay, and 4 (11.2%) were diagnosed after being in the hospital for more than 14 days (p < 0.05). The average length of stay for the entire database was 7.2 days whereas that of the DVT group was 15.4 days (p < 0.05).
Cases were also further analyzed with regard to the types of procedures they underwent for their specific diagnoses and physical statuses. There did not seem to be a strong, consistent correlation/pattern between one's physical activity status/capability and the likelihood of suffering a DVT immediately after neurosurgery. When comparing these results with timing of DVT detection in one's hospital stay, we did note that patients with dense paresis were likely to have symptomatic DVT findings.
Discussion
Neurosurgical patients have an increased risk of developing DVT and PE due to limb paralysis, stroke, immobility, and hypercoagulable states often induced by neoplasms, trauma, and degenerative and iatrogenic causes. 10, 17, 18, 22, 27 The reported incidence of DVT in the neurosurgical population varies drastically. A recent study, which followed a biweekly ultrasonography screening protocol, revealed an overall DVT incidence of 9.7%, which was compiled from 237 cranial and spinal patients. 19 This particular study's protocol was to administer chemical prophylaxis with unfractionated heparin 5000 U twice daily and mechanical prophylaxis with pneumatic compression sleeves within 24 hours of admission.
Nurmohamed et al. 26 also examined the incidence of DVT in neurosurgical patients and found a considerably higher incidence at 19%. Their patients received lowmolecular-weight heparin and graduated compression stockings. Likewise, Agnelli et al. 1 reported an overall DVT incidence of 17% in neurosurgical patients treated with both low-molecular-weight heparin and compression stockings who were tested on treatment Day 8, as determined by hospital protocol. In contrast, Misra et al. 25 specifically focused on patients in the neurological ICU compared with other ICUs. While they did not have stringent inclusion criteria with regard to chemical and mechanical prophylaxis, they found an overall neurological ICU incidence of DVT of 2.55%, significantly less than that in other DVT studies.
While our data do not relect a very high DVT rate, our findings were certainly statistically significant and similar to those of the studies above. However, while these studies focused on overall incidence, we wanted to further determine whether routine weekly screening with ultrasonography was truly justified in neurosurgical practice. We therefore made weekly ultrasound studies an absolute inclusion criterion for all 1277 consecutive patients we reviewed from our prospectively collected data.
Our study showed that a significant percentage (86%) of patients with DVT were diagnosed within the 1st week of hospital stay. This finding is similar to that reported in a recent case review study in which the authors found that 84% of their patients with DVT were diagnosed with ultrasonography in the 1st week of hospital stay. 21 The authors' subsequent biweekly surveillance studies had a drastic drop-off in terms of diagnosing DVTs at a later time during the hospital stay. Their study retrospectively examined the DVT data at their institution. In comparison, we analyzed prospectively gathered data over the course of 1 year to essentially verify the same findings. Our study also showed a drastic drop-off after the 1st week of surveillance and perhaps additional screening would benefit high-risk or symptomatic patients.
The significance of routine screening ultrasonography in neurosurgical patients has certainly been evaluated in previous studies and reports. Ray et al. 27 focused on screening ultrasonography in patients with subarachnoid hemorrhage. Their study's overall DVT incidence for screened and unscreened patients was 18%. This included all patients with subarachnoid hemorrhage who had undergone surgical or endovascular treatment and survived for more than 15 days. The investigators then focused only on asymptomatic patients who had undergone * All values reflect the number of cases (%) based on a total of 40, except for those of age, which represent years.
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screening ultrasonography and determined an incidence of 24%. Based on their analysis, ultrasound-screened patients were more likely to be diagnosed with DVT, but there was no statistical difference in the overall incidence of DVT or PE in screened and unscreened patients. Another study that focused on routine ultrasonography as a diagnostic modality for DVT showed that 50%-60% of high-risk patients with DVT may not have clinical manifestations such as a swollen, tender, warm calf, or a positive Homan sign.
7 Therefore, screening ultrasonography would cover these patients, whereas in patients who had not undergone screening, such manifestations would have been missed.
Based on our findings, we recommend that continuing admission ultrasound studies be undertaken in all neurosurgical patients, as this truly provides a baseline study while preventing the possibility of overtreating patients with stable chronic DVT. A follow-up study within 1 week also appears to be very effective. Whether treatment is elective or emergent, cranial or spinal, and whether the patients are paretic or functionally intact, their recovery time still often plays a major role in overall ambulatory status within the 1st week of hospital stay, emphasizing the dire need to increase and encourage ambulation. In examining our overall lengths of stay, it is certain that the added morbidity of DVTs has played a role in the 100% increase in length of stay for patients with DVTs. After the initial week of stay, however, follow-up surveillance studies do not seem very helpful for all patients. Examining those patients who are symptomatic at this time, with an emphasis on the paretic/plegic population, would be the better option.
Our findings also further elaborate on overall PE outcomes. Pulmonary embolism is the one complication that all institutions attempt to avoid because of the high associated morbidity and mortality rates. Detecting and/ or preventing DVTs, which usually have straightforward treatments, is a means of avoiding the more serious complications of PE. We observed a 0.3% incidence of acute, symptomatic PE and a 0% mortality rate. Our incidence rate is similar to the 0.4%-2.0% rate reported in the neurosurgery literature. 16, 20, 30 In regard to mortality rates, while there are no major meta-analyses of PE-associated death in the cranial population, a recent meta-analysis of a spine population demonstrated a rate of 0.01%. 28 Of 107,996 patients who underwent some form of spine surgery, 11 deaths due to PE were reported. Including the presumed PE cases, the rate rose to 0.02%. We therefore believe that our 0% mortality rate validates the point that if DVT screening is performed during the 1st week of hospital stay, which was found to be statistically significant, then not only do we note a higher detection of DVTs earlier, but we also ultimately see lower overall PE and mortality rates. This is definitely a positive and successful quality measure for a major medical center.
We do recognize that while our results imply changing important aspects of core medical measures, there are obvious weaknesses to the study. The sample size, singleinstitution patient population, and the 1-year timeline to collect the data are certainly partial pitfalls. Because of the routine nature of the screening test and because our mixed-acuity inpatient census allowed for more urgent inpatient needs, our protocol allowed for inclusion of patients who underwent their scans after 48 hours postadmission but before 7 days postadmission. Less than 8% of the total population fell into this category, and none were among the patients who were positive for DVTs. Additionally, we do not have a true comparison arm with which to evaluate the effectiveness of routine, weekly DVT screening on a long-term basis against screening during a very specific period of time. More particularly, we are not able to compare the overall PE outcomes for these two specific groups. This also holds true when analyzing the current literature, which does not have any major retrospective or prospective comparison studies.
Conclusions
This is the first single-center study showing prospective DVT data that were retrospectively analyzed for routine ultrasound screening of all neurosurgical patients over a given period. We found that a significant proportion of DVTs were identified and treated within the 1st week after admission. Beyond the 1st week, lowerextremity venous duplex ultrasonography aids mostly in confirming the clinical diagnosis of symptomatic highrisk patients. Screening during this specific window not only effectively detects DVTs but, more significantly, allows us to detect and treat possible pulmonary emboli at an earlier time. Follow-up long-term ultrasound studies should only be considered for symptomatic patients, with a lower threshold of suspicion for paretic and/or plegic patients. The overall physical status, age, or activity level of the patient does not seem to have an influence on the acute setting and therefore should not play a role in initial screening.
